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Resultsof recentmodelingof tokamakedgeplasmawith the turbulencecodeBOUT are presented.In pre-

vious studieswith BOUT the backgroundorofilesof plasmadensityandtemperaturavere setasflux surface
functions.However in thedivertorregion of atokamakthetemperaturés typically lower anddensityis higher
thanthoseat the mid-plane.To accounffor thisin the presenstudya poloidalvariationof backgroundgplasma
densityandtemperaturés includedto provide a morerealisticmodel. For poloidally uniform profilesof the

backgrounglasmathecalculatedurbulenceamplitudepeaksnearoutermid-plane while in thedivertorregion

theamplitudeis small. However, presensimulationsshav thatasthebackgrounglasmeprofilesbecomamore
poloidally non-uniformthe amplitudeof densityfluctuations;i;, startspeakingin thedivertor. It is foundthat
in the divertor region the amplitudeof n; fluctuationsgrowns approximatelyinearly with the local densityof

the backgroundplasmam;o, while the amplitudeof T, and¢ fluctuationsis positively correlatedwith the the

local electrontemperatureTeo. Correlationanalysisshaws thatplasmaturbulenceis isolatedby the x-points.

1 Introduction

It is generallyacceptedhat the global confinemenin a tokamakis strongly affectedby the conditionsat the
edge.Plasmaurbulence andtheresultinganomalougross-fieldplasmaransportarecrucial physicalprocesses
in the boundaryregion. This makesedgeplasmaturbulencea majorissuefor tokamakphysics.In recentyears
therehasbeena substantiaprogressn numericalsimulationsof edgeplasmaturbulencewith the BOUT code
[1]. BOUT is anelectromagneti@-D turbulencecodesolving in a realisticgeometryof a divertor tokamaka
systemof Braginskii-like [2] fluid equationdor plasmadensity n;, electronandion temperatures, ;, electron
andion parallelvelocity, V. ;, electrostatigotential,¢, andthe vectorpotential, A . Thebasicphysicsmodel
andgeometryof BOUT aredescribedn [1, 3]. BOUT hasdemonstrateéncouragingimilarity to experimental
spatialandtemporalspectreof edgeplasmafluctuationsin DIII-D [4], C-Mod[5] andNSTX [6].

Typically, in BOUT simulationsthe magneticgeometryis obtainedfrom the magnetohydrodynaio (MHD)
equilibrium codeEFIT [7], andthe profilesof the backgroundolasmadensity n;o, andtemperatureZ, ;o, are
basedon fits to experimentaldata,or on simulationsby thetokamakedgetransporicodeUEDGE[8].

In previous studieswith BOUT [3, 4, 9, 10] the poloidal variationof backgroundglasmaparametersvasnot
takeninto account.This poloidalvariationis usuallycausedy theboundaryconditionsatthedivertorplate,and
resultsin plasmatemperaturelecreasingind plasmadensitygrowing towardsthe plate. For the high-regscling
regime the ratio of conditionsat the mid-planeand nearthe divertor plate, Tyia/Tdiv ~ Ndiv/Mmid, IS ONthe
orderof 3-10,andmore, sothe poloidal variationmay be substantia[11]. In the presentstudywe analyzethe
effectsof usingpoloidally dependenprofilesfor the backgrouncplasmafor turbulencesimulationswith BOUT.

2 Methodology

We usethe magneticgeometrybasedon a typical DIlI-D magneticreconstructiorfrom EFIT. The geometryis
shavn schematicallyn Fig. 1
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Fig. 1 Computationatlomaingeometryin theradial-poloidalplane. The poloidalindex, 6, runsfrom theinnerplateto the
outerone.Poloidallocationsof x-pointsarealsoshavn.

For the presentsstudyBOUT is usedin the modewhenonly fluctuatingquantitieswith zerotoroidal average
areallowed. Thusthebackgroundwverageorofilesfor thebackgrounglasmadensity n;o, andtemperaturel’, ;o
are”frozen”.

For the backgrouncblasmawe usea setof simulatedtoroidally-symmetrigprofiles which qualitatively and
guantitatvely approximateheequilibriumstateof theedgeplasmaasknown from experimentablataandUEDGE
simulations.The radial profilesfor n;y andT, ;o atthe mid-planearetakenasa typicalfit to DIII-D data. The
poloidal profilesof n;y andT, ;o werechoserto cover arangeof variation. For the poloidal variationof Ty we
usetheanalyticexpression

Too(s) = [T, +4s(1 - 5)(T]

mid

— Ty )

Heres s the poloidal coordinatemeasuredrom the inner plateto the outeroneandnormalizedto unity, Ty;, is
the divertortemperatureT’,.;4 is the mid-planetemperatureand constanfactory wastypically chosenaround
2-3.

The ion temperature];, was setequalto T, /3 1| andthe poloidal variation of n;, wasthensetto keep
nio(Teo + Tio) constantlongthefield line. The plasmaflow velocity, V;o, wassetzero,andthe DC electric
potentialwassetzero.

We have analyzeda setof five BOUT caseswith sameradial profiles of ny, T, ;0 upstreambut different
conditionsin thedivertor:

Table1l Approximateparameterstseparatrixatthe mid-planeandin thedivertorfor five BOUT cases

Case TeO,mida eV TeO,div; eV 130, midr X 10™em=3 140,div X 10™em =3
1 50. 50. 1.2 1.2
2 50. 25. 1.2 2.5
3 50. 20. 1.2 3.3
4 50. 12. 1.2 4.8
5 50. 7. 1.2 9.0

1 Thescalingfactor1/3 wasappliedto theseandmostof the previous BOUT simulationsfor the reason®f numericalstability



3 Simulation results

3.1 Localscaling

For all five analyzedcasesBOUT wasrunto thestateof saturatedurbulence. Thentheroot-mean-squargRMS)
amplitudesof the saturatedurbulencewere analyzed. The RMS amplitudesare showvn in the radial-poloidal
index planefor casel in Fig. 2.

<>, x1013 cm-3

«::I"i}, eV

Fig.2 FluctuationRMS amplitudedor casel, poloidally uniform profiles. Thedashedinesshav thelocationsof separatrix
andx-points.

The RMS amplitudedor case3 areshowvn in Fig. 3.

ComparingFigs. 2 and3 onecannotethatfor poloidally uniform profiles(casel) thefluctuationamplitudes
peakat the mid-plane. On the otherhand,for poloidally non-uniformprofiles (case3) thereis a peakof 7i;
fluctuationsnearthe outer divertor plate. The amplitudeof the divertor 72; fluctuationsappeargo be roughly
proportionalto the local plasmadensity n;o, for bothinnerandouterdivertor (seeFig. 4). Thusthe larger#;
amplitudein thedivertorcanbeattributedto thelargern;, there.

Similar to the correlationbetweerthe 7i; amplitudeandthelocal n;y it wasfoundthatfluctuationamplitudes
of T. and¢ in the divertor are correlatedwith the local T.o. As the temperaturen the divertoris lower than
upstreamthe absolutevaluesof < 7, > and< ¢ > arelowerin thedivertor.

The amplitudeof fluctuationsupstreanwere found to be insensitve to the variation of parametersn the
divertor. This raisesthe questionwhetherthe upstreanturbulenceis uncoupledrom the divertorturbulence.
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Fig. 3 FluctuationRMS amplitudesfor case3, poloidally non-uniformprofiles.
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Fig. 4 Correlationof the RMS fluctuationamplitude< #2; > with thelocal n;o for theinner(a) andouter(b) plateregions.
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3.2 Correlationanalysis

We usethedataanalysispackageGKV [12] to calculatethecross-correlatiofunctionfor theturbulentpotential.
Thecross-correlatiofiunctionis definedasfollows:



< ¢(T07 07 6 + 667 t+ 7_)¢(T07 0T€f’ 57 t) >§,t
< |¢(r0707’€fa€7t)|2 >§7t

C(,9) = )

Here¢ is thetoroidalgrid index, 6 is the poloidalindex, 7 is thetimelag, 8, is thereferencepoloidalindex.

For case3, for aflux surfaceright outsideof the separatrixwith mid-planed,..; = 38 andr=0, thecalculated
cross-correlatiofunctionis shovnin Fig. 5
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Fig. 5 Cross-correlatiofiunctionfor the simulatedturbulence. Thetoroidal coordinatet is alsoa magnetidine labelhere,
s06¢ = 0 meanghe pointareon the samemagnetidine.

Figure5 shavsthatthecross-correlatiomascutoffs at boththelower x-point andthe upperx-point. Thusthe
turbulenceappeardo bedisconnectedby the x-pointswhich is consistentvith previousresultsfrom BOUT [9].

4 Discussion

One of our resultsis that the normalizedfluctuationamplitudesin the divertor: 7i;/n, T./Te0, and ¢/T.o
appearto be approximatelyconstantover the rangeof variation of n;g andT,9. This is consistentwith the
probemeasurements DIlI-D edgeindicatingthatthe normalizecbotentialfluctuationampIitude,eJS/Te, in the
divertoris comparabléo thatatthe outermid-plane[13].

Partitioningof theturbulenceby the x-pointsfrom our correlationanalysiss consistentvith previouscompu-
tationalresultsfrom BOUT [9] andthe theoreticalargumentshatthe strongshearingof the magnetidfield near
the x-pointleadsto uncouplingof the perturbationsn theupstreanscrape-dflayerfrom thosebelow thex-point
[14]. It is interestingthateventhe upperx-pointwhich is ratherremotefrom our computationatlomainappears
to have a strongeffect.

During the linear stagethe divertor turbulenceappeardo be growing outsideof the separatrixin the outer
divertor, and inside of the separatrixin the inner divertor As theselocationsare the regions of unfavorable
cunvature,this obsenation apparentlypointsto the ballooningnatureof the driving mechanism.An important
guestionthatrequiresfurtheranalysisis the role of the boundaryconditionsat the targetplate. Identificationof
thedriving mechanisnof thedivertorturbulenceis the subjectof ongoinganalysis.
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5 Summary and conclusions

We have conductednalysisof turbulencesimulationswith theBOUT codeusingpoloidally non-uniformpoloidal
profilesfor the backgroundblasmathat mimic higherdensityandlower temperaturén the divertorchamber It

was found that as the backgroundplasmadensity n;y,, becomedarger in the divertor, the densityfluctuation
amplitudesi; becomedarger The amplitudeof the densityfluctuationnormalizedby the backgroundocal den-
sity, 7; /n0, appeardo be approximatelyconstantn the divertor, at the level of 10-20%. Similarly, thereis a
positive correlationbetweerthe 7., and ¢ fluctuationamplitudes andthe local electrontemperature7.o. The
turbulenceamplitudeupstreamappeargo be insensitve to the variationof the divertor conditions. Correlation
analysisshows thatthe upstreanturbulenceis uncoupledrom the divertor turbulencewhich is consistentith

the strongshearingof the magnetidield nearthex-points.
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